Decompressive craniectomy is a neurosurgical life-saving option for treating medically refractory increased intracranial pressure (ICP), such as from severe traumatic brain injury (TBI), poor-grade aneurysmal subarachnoid hemorrhage (aSAH) or malignant cerebral infarction. Its efficacy is currently being investigated with respect to survival and functional outcomes in the various settings related to increased ICP. 4, 10, [22] [23] [24] For patients who survive after decompressive craniectomy, subsequent cranioplasty is usually performed for cosmetic reconstruction of the skull defect. Additionally, cranioplasty may help to improve neurocognitive functioning by restoring brain hemodynamics. 1, 8, 11) However, surgical site infections (SSIs) after cranioplasty can reduce functioning because of the removal of the bone flap. Many studies emphasize the technical aspects of surgery to reduce SSIs after cranioplasty, such as the interval between decompressive craniectomy and cranioplasty or the type of flap materials. 5, 6, 13, 15, 18) Methods: A retrospective review was conducted of patients who underwent cranioplasty following decompressive craniectomy at our institution from January 2011 to December 2014, a total of 78 patients who underwent 78 cranioplasties. Univariate and multivariate logistic regression analyses were carried out to determine possible risk factors related to developing SSIs. We analyzed both patient-specific and surgery-specific factors.
Introduction
ever, emphasize the patient-specific oversurgery-specific factors as major predictors of SSIs after cranioplasty. 28, 30) There are relatively few clinical studies about this issue, and the risk factors for SSIs remain unclear.
In the current study, we retrospectively analyzed the risk factors related to developing SSIs in patients with refractory increased ICP who underwent cranioplasty after decompressive craniectomy. Further, we suggest valuable predictors by validating the risk factors that were identified in previous studies.
Materials and Methods

Patient selection
From January 2011 to December 2014, 122 patients underwent cranioplasty at our institution after decompressive craniectomy. Patients were excluded if they 1) had insufficient follow-up data; 2) underwent other operations combined with the cranioplasty; or 3) underwent simple craniectomy without increased ICP, such as for infectious disease or craniofacial anomalies. Ultimately, 78 patients who underwent 78 cranioplasties were selected for analysis with approval from our Institutional Review Board. The mean age was 53.0 years at the time of the cranioplasty (range, 10 to 78). Forty-seven patients (60.3%) were male and 31 (39.7%) were female. The mean interval between the decompressive craniectomy and the cranioplasty was 116 days (range, 14 to 1,347). After the cranioplasty, the mean follow-up period was 16.4 months (range, 0.5 to 51). All patient data were retrospectively collected using hospital chart reviews.
Technical aspects
All patients underwent standard cranioplasty. The edges of the skull were trimmed to match the flap material using a drill and a diamond burr. The flap was fixed to the skull using a cranio fix and/or the mini-plating system.
The autologous bone flap was preserved and sterilized using the following regular techniques according to our policy. After the decompressive craniectomy, the bone flap was preserved in a deep freezer at a temperature of -75°C. Connective tissues such as muscles, the fascia and the galea were entirely removed before the freezing. The autologous bone flaps were then packed in a two-layer sterile instrument pouch. Ethylene oxide gas sterilization of the cryopreserved bone material was conducted in the deep freezer, and it was additionally sterilized by high-pressure steam before the graft implantation. The sterile instrument pouch was opened, and the bone flap was placed in a sterile Vancomycin-/Betadine solution for 30 minutes or so before the incision during the cranioplasty. If the autologous bone flap was unavailable because of the etiology of the cranial defect, such as contaminated bone caused by an open head injury or severely comminuted bone, prosthetic material was used. Two grams of prophylactic intravenous cefazolin were given on induction, and 2 g of postoperative intravenous cefazolin were given every 24 hours for 7 days. Variables studied and statistical analysis Patient demographic data including age and gender were collected, in addition to the following factors: history of smoking and drinking, hypertension (HTN), and diabetes mellitus (DM), primary etiology, type of graft material (autologous bone vs. artificial graft), lateralization of cranioplasty (unilateral vs. bilateral), operating time for the cranioplasty (within 2 hours or not), mental status at cranioplasty, time to cranioplasty after decompressive craniectomy (early or late cranioplasty), and blood transfusion during cranioplasty. The primary etiology was defined as the reason for the decompressive craniectomy and categorized as aSAH, TBI, malignant cerebral infarction or other. Early cranioplasty was defined as surgery performed within 3 months. The patients' variables are summarized in Table 1 . SSI after cranioplasty was defined as a graft infection that required removing the graft material. Analysis was performed using the chi-square independence test or independent t-test as appropriate. Continuous variables are expressed as mean±standard deviation. Univariate and multivariate logistic regression analyses were performed to determine the variables associated with SSIs following cranioplasty. Statistical significance was accepted at probability values of less than 0.05. These analyses were performed using IBM SPSS statistics software version 20.0 (SPSS Inc., Chicago, IL, USA).
Results
Among the 78 patients, SSIs after cranioplasty occurred in 7 (9.0%). The mean age of the SSI group was 43.0±18.1 years, which was significantly younger than that in the non-SSI group (53.9±14.93 years, p=0.046).
The differences in the variables between the two groups were observed in the patient-specific factors, such as gender, drinking history, HTN, DM, and primary etiology. The occurrence rate of SSIs among females was 4 times higher than it was among males (p=0.000). In the SSI group, no patients suffered any underlying comorbidities, such as HTN or DM. All patients in the SSI group had undergone decompressive craniectomy because of TBI. Among the surgery-specific factors, there were statistically significant differences in the SSI occurrence rate based on the lateralization of the cranioplasty and the operating time. The SSI rate in the group that had bilateral cranioplasty was significantly higher than that in the group whose surgery was only unilateral (25.0% vs. 7.1%, p=0.000). All operating times in the SSI group were greater than or equal to 2 hours. In terms of the time to cranioplasty or type of graft material, there were no differences in the SSI occurrence rate. The comparison of variables between the SSI and non-SSI groups is summarized in Table 2 .
Univariate logistic regression analysis identified being female, having a primary etiology of TBI and having had a bilateral cranioplasty as having a significant association with developing SSIs after cranioplasty (Table 3 ). In the multivariate analysis, being female [odds ratio (OR) 5.98, p=0.000] and having had bilateral cranioplasty (OR 4.00, p=0.001) remained associated with a higher risk of infection.
Discussion
Cranioplasty is associated with a relatively high overall complication rate ranging from 15 to 36.5%. 5, 7, [17] [18] [19] 29) Furthermore, 25% to 76% of patients with post cranioplasty complications may need additional procedures to correct these complications. 9, 27) Thus, it is important to understand, prevent, and treat post cranioplasty complications. In particular, SSIs after cranioplasty have a tremendous impact on postoperative prognosis because they require surgical removal of the implanted graft material, prolonged antibiotic therapy and additional surgery for the cranioplasty. The SSI rate after cranioplasty ranges from 2% to 12%, according to the numerous studies published over the last 2 decades. 5, 6, [13] [14] [15] 18) In the current study, the SSI rate was 9.0%, which is similar to those reported in the previous studies.
A number of studies reported that the SSI rate with cranioplasty following decompressive craniectomy in severe TBI was superior to that in non-TBI etiologies. 6, 18, 20) The SSI rates in these studies in the TBI groups ranged from 0% to 38.5%, and in the non-TBI groups, they ranged from 0% to 14.3%. 6, 18, 20) In the current study, the SSI rate in the TBI group was 15.2% (7/46), but there were no SSIs in the non-TBI group. Furthermore, Howard et al. 12) reported that cerebrospinal fluid infection developed in 22.2% (4/18) of patients who had closed TBI in the period between the decompressive craniectomy and the cranioplasty. The primary etiology that leads to the decompressive craniectomy can be considered a cofactor in susceptibility to SSI after cranioplasty. 6, 18, 20) The timing of surgery is one of the most controversial factors related to SSIs after cranioplasty.
3) Some studies have shown that patients who had early cranioplasties (＜3 months) had better functional outcomes, whereas others have reported the benefits of delaying the surgery. Rish et al. 21) reported that a shorter interval from decom- pressive craniectomy to cranioplasty was related to poor outcomes. In their report, the complication rate in the group that underwent cranioplasty within 6 months after decompressive craniectomy was 7.9%, which was higher than the rate in the group that underwent cranioplasty over 12 months later. 21) Furthermore, Tokoro et al. 26) reported that SSIs after cranioplasty were higher in the early cranioplasty group who underwent the surgery within 3 months. In the current study, although there was no association with developing SSIs in the multivariate logistic regression analysis, the SSI rate in the group with early cranioplasty was 10.2%, which was higher than the rate of 6.9% in the late cranioplasty group. The purported advantage of late cranioplasty may be related to avoiding operating on a potentially contaminated wound. It is difficult to prove this issue clinically, and our small number of patients in each group limits the strength of any conclusions to be made regarding the data. The overall cranioplasty operating time can be considered a meaningful predictor of post cranioplasty SSI. 6, 9, 13, 15, 16, 18) In a recent study, the mean cranioplasty operating time was 126.5 minutes, and there was a significant increase in the infection rate to ＞20%, when the surgery took longer than 200 minutes. 16) In the current study, the operating times in the SSI group were less than 120 minutes, and the post cranioplasty SSI rate was significantly higher in patients who had operating times of greater than or equal to 120 minutes (0% vs. 13.7%, p=0.000). Based on these results, it is important that a skilled surgeon perform the cranioplasty in order to reduce operating time.
There are relatively few clinical studies on the risk factors associated with developing post cranioplasty SSIs. 6, 15, 16, 18) In the current study, multivariate logistic regression analysis showed that being female was the only patient-specific factor that was associated with a higher risk of infection. However, prospective cohort studies of patient-specific factors that are associated with developing SSIs after cranioplasty are needed to validate our results.
As with any retrospective study, this study has inherent biases and limitations. First, our sample size was relatively small, which may have caused a selection bias. Second, surgery-specific factors, such as operating time and time to cranioplasty after decompressive craniectomy, were not controlled in order to analyze the patient-specific factors related to post cranioplasty SSIs, and these could have been confounding factors. Nevertheless, the results of the current study may help to improve the clinical ability to predict post cranioplasty SSIs and provide a solid foundation for the design of future studies to address unanswered questions.
Conclusion
The results of this study suggest that surgery-specific factors, such as cranioplasty after TBI, bilateral cranioplasty and operating time of greater than or equal to 120 minutes can increase the SSI rate after cranioplasty. Thus, it is important to consider these surgery-specific factors in order to reduce SSIs after cranioplasty, especially in females.
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